Abstract
Introduction
Asterias amurensis is an invertebrate belonging to the phylum Echinoderm and to the class Asteroidea that lives throughout the northwestern Pacific. It is so indiscriminate a predator that it deserves pirates of the sea. Not only that, it looks abhorrent because it is hideously big and has mottled blue spots on their yellowish body [1] . Starfish, which means "not die," are kinds of fish and shellfish that eat oysters, ark clams, and abalones. That's why starfish are headaches for fishermen. It was 500 million years ago during the Ordovician Period that starfish first appeared on Earth [2] . Reportedly, 47 species of starfish live in Korea.
It is widely known that the increase in carbon dioxide emissions caused by accelerated industrialization is worsening global warming. The climate change is the main culprit for rising sea levels, local torrential rains, and heavy snowfalls. In addition to it, changes being made to land and marine ecosystems are expected to affect human health directly and indirectly. Due to global warming, gradual changes are occurring in the natural ecosystem, including plants' early flowering, birds' early spawning, habit loss among insects, plants and animals, white efflorescence on coastal areas, and reduced biodiversity [3] .
Generally, starfish are categorized into two species: Asterias amurensis and Asterina pectinifera. While the latter's prey is chiefly dead fish, the former eats live fish and shellfish. It is no wonder that starfish are and will be tremendously damaging [4] .
Starfish have no natural enemy in the marine ecosystem and have a high fertility rate. They are not life-threatening, except for the fatal wounds they inflict. It is effective, therefore, to capture starfish in the spawning season to eliminating starfish populations [5] .
Currently, studies are vigorously in progress about how to deal with and utilize captured starfish. Research needs to be conducted on the image processing technique, which is used to capture Asterias amurensis and Asterina pectinifera causing much damage to fishing grounds [6] [7] [8] .
There is a limit as to how starfish have to be captured, given that starfish rapidly propagate in number and size. That impels us to facilitate the use of underwater robots to capture starfish. Regarding how to capture starfish, an image processing technique should be in place to recognize starfish among input images [9] .
Recent studies being conducted in Korea on the recognition of starfish are as follows. An improved Asterias amurensis recognition method based on the morphological characteristics of Asterias amurensis was proposed in [10] . They acquired better images to analyze recognition rates of starfish, and were also able to obtain much more satisfactory recognition rates for Asterias amurensis by adopting the most suitable adaptive filter method [11] . This technique [12] classifies the concave and convex features by using the multi-directional linear scanning, forms the candidate groups of the concave and convex feature points, decides the feature points of the candidate groups, and applies a convex hull algorithm to the extracted feature points.
Recently, human activities have increasingly expanded ━ in particular, in terms of international trade. As a result, the spread of introduced marine pests (IMPs) are considerably affecting the ecosystem and human economic activities. IMPs are introduced primarily through ballast water carried in ships' ballast tanks, through extraneous matter stuck on a hull, or when cultured fish are in transit. Such IMPs, once introduced, impact the ecosystem by destroying the habitats of indigenous animals and plants, inducing mutations in marine life, and reducing fishery resources In addition, IMPs make it costly to do research into how they are introduced, and to restore the disrupted ecosystem. Furthermore, IMPs cause much financial damage to fishermen who have been suffering from reduced profits.
Asterias amurensis is cold-blooded and has different skin colors. They are hard to recognize because of the radial symmetry which varies depending on circumstances. In addition, multiple populations of starfish are much harder to recognize, compared with those of single or compound populations. This paper proposes a method for obtaining enhanced rates of recognition of starfish. In the case that several populations of Asterias amurensis are present, the proposed simple method is available for recognition and restoration of Asterias amurensis. Rough on the restoration of the Asterias amurensis can be found in [13] . In this paper, we specifically discussed in detail.
The Structural Features of Asterias Amurensis

Basic Features
Asterias amurensis is a carnivorous species introduced from Kamchatka and Hotkaido and widespread across Korea. That is why Asterias amurensis is notorious among fishermen. Their legs are thinner than those of indigenous Asterina pectinifera. They are 20 tall on average, but bigger ones grow to be 40 cm and more. The image of Asterias amurensis is shown in Figure 1 . Among the starfish candidate regions for the detected image boundaries from which noise is removed, any region where Pixel count ━ the number of pixels present in the 20 x 20 block ━ fails to meet the condition of the formula 1 is excluded from the candidate regions that have starfish features.
Starfish are marked by five arms with the concave and convex feature points each. Based on one concave point for each concave edge, with the adjacent points excluded, connecting the remaining two points leads to the formation of a star-shaped inner area; connecting each concave point from the center of the inner area allows the starfish to divide into five arms, each of which has pentaradial symmetry. Figure 3 shows the image of a starfish marked by pentaradial symmetry. 
The Central Moment Feature
Asterias amurensis has an arm that features pentaradial symmetry. The starfish-Based on one concave point for each concave edge, with the adjacent points excluded, connecting the remaining two points leads to the formation of a star-shaped inner area. The center of the inner area can be used as the central moment of the starfish. In starfish, the convex edges are so sensitive to movements that they are less likely than concave ones to be visible to other living organisms. As such, concave features are used more often than convex features. Figure  4 shows the image of the central moment of a radially symmetric starfish. To ensure a connection between the two points, black pixels need to be found on the line where the gradient is identical. In this case, they have to be found in accordance with small variations through a comparison of the values of x and y. Based on a function of y = x where the gradient is 1, if the gradient is lower than 1, the variations of the value of x are smaller than those of the value of y. Then entering the x-value leads to obtaining the y-value, which is expressed in Equation 3 . If the gradient is larger than 1, on the other hand, the variations of the value of x are larger than those of the value of y. Then entering the y-value leads to obtaining the x-value, which is expressed in Equation 4. 
Restoration of Asterias Amurensis
For a damaged or deformed starfish population for which boundary correction is implemented, there can be difficulties in detecting edges of that region only. When restoring the region of the population using structural features, input images are preprocessed before boundary detection is conducted. Boundary correction is then used to remove noise, which is followed by boundary connection. What needs to be done next is finding the structural features, comparing the number of concave feature points, and identifying the type of the population. Concerning the restoration of the region of a starfish from the population by using the structural features, what is restor ed is a deformed population, not the original one. Any deformed population, which is different from the original population, refers to the one with the arms dismembered or the one whose dismembered arms are growing. It is such deformed populations that res toration is conducted for. Figure 7 shows the deformed population for which restoration was conducted.
Figure 8. Region Restoration Using Structural Features and Radial Symmetry
The deformed population, before it was restored, had 21 long lines and short lines each. After restoration, it had 25 long lines and short lines, respectively. Restoration was, for the most part, conducted for deformed parts of it. Table 1 shows an analysis of the characteristics identified during the region restoration. 
Conclusion
As the damage of IMPs become more severe over time, international organizations and many countries around the world are trying to come up with aggressive countermeasures. Major nations are investigating the actual condition of IMPs and seeking ways to curb or eliminate IMPs. This paper proposed a method for restoring deformed starfish populations. This method was designed to improve recognition rates for images of the starfish collected by underwater robots. The input images obtained by the underwater robots were for a single starfish population and based on optimal distances and directions. Starfish have significant structural features: concave and convex feature points. With this in mind, the proposed method was geared toward distinguishing the concave and convex features of a starfish. During the experiments in which the region of a starfish image was restored from a deformed population, the deformed population showed high restoration rates. When it comes to recognizing starfish in a deformed population, the application of the proposed method based on region restoration will be very effective in eradicating starfish.
